


“Insect apocalypse” – a talk 
by Dave Goulson

New studies 
confirm insects 

are vanishing at an 
alarming 

rate…National 
Geographic

The Scary Reality of a Global Insect 
Apocalypse: foodrevolution.org

• Why do we need to change?
• What is IPM?
• ‘pIPMing’ your patch using beneficials that 

you already have.
• Case study: IPM Red Legged Earth Mite

New York Times

www.Reuters.com

Photo: Estela Romero



Brief History of IPM

Aerial Spraying DDT

• Prior to WWII sulphur, neem, some heavy metals 
among others were used in pest management

• Research into nerve gasses led to discovery of the 
insecticidal properties of organochlorines, 
carbamates and organophosphates including DDT

• Very effective

Chemical Crisis:
Increasingly more chemical 
required to do the same job 

due to resistance

Increased reliance

Fun fact: 1880’s Paris green (arsenic) 
became the first widely used chemical 
pesticide in the world. Used on potatoes 
for beetles and tobacco for caterpillars

Fun fact: Sarin gas is an organophosphate (OP). 
There are 39 OP’s registered for use in Australian ag. 



• Documented the environmental 
harm caused by indiscriminate 
pesticide use 

• Beginning of mainstream 
environmental awareness

‘Integrated Pest Management’ popularised in 
early 1970’s

• Concerted effort to bring it into mainstream production systems
• Endeavoured to 

• Make agroecosystems sustainable
• Reduce synthetic pesticide use

Yet six decades since Silent Spring “…. in the majority of cases, 
chemical control still remains the basis of plant health programs”

Deguine et.al. 2021

1962

Fun fact: Monsanto published Silent 
Spring rebuttal “The Desolate Year” 
October 1962 Monsanto Magazine pp4-9



The Alliance of World Scientists 
release their manifesto:

1992

+
First product from 
a new group of 
insecticides called 
Neonicotines 
arrived in Australia 
– Imidacloprid

“World Scientists’ Warning to 
Humanity”

Neonicotines:
• Persistent 
• Water soluble
• Systemic
• Effective at extremely low levels



Image courtesy Minibeast Wildlife

2020
“Scientists’ Warning to Humanity 

on Insect Extinctions”

Scientist release a follow-up manifesto:



According to global monitoring data for 452 species, there 
has been a 45 percent decline in invertebrate populations 
over the past 40 years. Dirzo, Science (2014)

Insect decline: an ecological Armageddon
Neonicotinoids like Imidacloprid have been described as a 
worldwide threat to biodiversity – but some EU countries 
(and Au) continue to use and/or export them.  (Pesticide Atlas

 2022) 

National Geographic online

America’s agricultural landscape is now 48 times more 
toxic to honeybees, and likely other insects, than it was 
25 years ago, almost entirely due to widespread use of 
neonicotinoid pesticides

The Insect Apocalypse



Use of neonicotinoids is restricted in EU but in 35% of countries 
have no pesticide legislation, ….the neonicotinoids are still the 
most commonly used insecticide in the world (Rowe, 2019).

Wild bee declines have been ascribed in part, to 
neonicotinoid insecticides Woodcock et.al. 2016 Nature Comms Vol. 7

Fun fact: Clothianidin half-life in soils can be up to 19 years 
(U.S.EPA, 2010), and is often found in ground water, surface 
water and tap water (Van Dijk et. al., 2013). 

Insects have declined by 75% in the past 50 years – and the 
consequences may soon be catastrophic. Biologist Dave 
Goulson reveals the vital services they perform. The Guardian 
2021



“Worldwide decline of the entomofauna: A review of its drivers”

F. Sanchez-Bayo, K.A.G. Wyckhuys

Key drivers of Insect extinctions:
• Habitat loss
• Chemical pollution (insecticides) 
• Climate change 



• Three banned for 
field use in Europe 
since 2018 

• Manufactured and 
exported 

2025
Europe USA Australia

• Implicated in Colony 
Collapse Disorder

• 86% of honey 
contaminated with at 
least one  

• Six neonicotines 
now registered for 
use in Australia

• APVMA – Reviewing 
regulatory decisions 
on neonicotines

“The current assumption underlying pesticide regulation – that chemicals that pass a 
battery of tests in the laboratory or in field trials are environmentally benign when they are 
used at industrial scales – is false,” Prof Ian Boyd, chief scientific adviser Department of 
Environment, Food and Rural Affairs. UK,

Organophosphates to Neonicotines: 
out of the frying pan and into the pyre?



Photograph by Nabokov, en.wikipedia.org. 

• Class Insecta out-numbers all other animals on 
 earth
• One to five million 
 species
• Key roles:

• Nutrient cycling
• Pest control
• Pollination
• Decomposition
• Main diet for numerous birds, bats and fish

Spiny flower mantis (South Africa)

Vertebrates – 60 000 
Invertebrates - 30 000 000



Ecosystem Services

Animal Group Estimated number 
of species - Global

Estimate % of 
species that rely 

on insects

Birds 10 000 97

Reptiles 7 000 >90

Mammals 6 640 100% (directly or 
indirectly)

Fish 15 000 (freshwater) >90

Amphibians 8 000 >90

Without insects, the worlds ecosystems will collapse, 
and our food web will no longer support us



“Neonicotines may be the single greatest threat to our 
landscape functionality we have ever faced”

• LD50 bees 5 ng but if you wait longer, it 
can be as low as 0.004ng (4pg) 

• At these rates, OECD protocols and 
commercial testing no longer up to the 
task. 

• In sunlight, Imidacloprid and 
Clothianidin ½ life = days/weeks

• Used in seed treatments, ½ life = years 
(up to 19yrs – EPA). 

Why?



• APVMA: 2023/2024 Australia purchased 67,104 
kg of Imidacloprid 

• 1.3x1016  (13 420 800 000 000 000) LD50 doses
• Dry mass of bees = 30 mg (0.03g)  Honey Bee 

Equiv's (HBE)
• Global dry mass terrestrial arthropods  300mt = 

1.0 x1016 (10 000 000 000 000 000) HBE’s

Therefor in 2023/24, Australia used enough 
Imidacloprid to kill every terrestrial Arthropod on 

the planet.



Why Impacts are likely to be underestimated in Australia

• 51g/Ha neonicotine seed treatment (NST)
• Plant uptake (maize) < 2% 
• 50g/Ha left over - Where does it go?



Soil accumulation of the active ingredients Imidacloprid and 
Clothianidin, in a commercially available seed treatment, following 

annual applications over 15 years*

Imidacloprid Clothianidin Combined^
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8 x 50= 400g/ha after 15 years



Addiction: “an 
inability to stop 
doing or using 
something harmful”

What is IPM and 
how can it 

help?

BUT we don’t need them
• France – 97% of cases NST not useful
• Canada – 95% of cases NST not useful
• US – “Negligible benefits” in soybeans
• 1990’s about 50% of corn was treated 

with an insecticide by 2011, nearly 
100% was treated with NST



What is Integrated 
Pest Management?

“Management practice that uses a range of 
techniques to supress pest populations to 
below economic thresholds”

• Should be based on 
comprehensive population data 
on pest and beneficials

• Allow for sub-economic pest 
levels

1. Cultural techniques
2. Biological control
3. Biorational pesticides
4. Chemical control

• Narrow spectrum
• Broad spectrum

IPM

Cermatulus nasalis 
feeding on white cabbage 
butterfly larvae



What is Integrated 
Pest Management?

“Management practice that uses a range of 
techniques to supress pest populations to 
below economic thresholds”

• Should be based on 
comprehensive population data 
on pest and beneficials

• Allow for sub-economic pest 
levels

1. Cultural techniques
2. Biological control
3. Biorational pesticides
4. Chemical control

• Narrow spectrum
• Broad spectrum

IPM

Eight First Steps

Cermatulus nasalis 
feeding on white cabbage 
butterfly larvae



• IPM does not specifically aim to reduce insecticide use, its main goal should be 
productivity and sustainability. 

• Unless it’s seen as a good business decision, uptake will be slow but demonstrating its 
economic viability is difficult and may require several seasons

• However, its likely to see increased adoption because:
• Overuse-induced resistance eg Indoxacarb
• Public pressure 

Releasing larvae of the ladybird Cryptolaemus montrouzieri (ex Bugs4Bugs) to control longtailed mealybug in QLD vineyard



Incompatible with IPM because:
• Seed treatments are universally used for a pest problem that 

doesn’t exist
• Science tells us that we don’t need them (France, Canada, 

US)
• There is no data to say what happens to Natural Enemies 

when they feed on treated pests
• Killing all of your pests so early in the crop cycle means you 

have nothing to attract and sustain natural enemies  

Step 1. Stop using Neonicotine seed treatments



• Insecticide Resistance Action Committee (IRAC) 
Mode-of-Action Table

• Broadly, the higher the number, the newer the 
chemical 

Step 2. Rearrange insecticides in the 
chemical shed – MoA#

MODE OF ACTION
CLASSIFICATION SCHEME



Watch withholding periods!!

MoA Group ….36,35,34,33,32,31,30,29,28,25A, 25B,……...… 2B,2A,1B,1A

Highest Lowest 

Two great reference 
documents ?

Pages 20-21

Effects of pesticides on beneficials



Step 3. Talk to your pest scout

• What is a pest scout/crop checker?
• Why do you probably need one?
• What can they do for you on your IPM journey

Starting the conversation – “Can you help me?”

Why Pest Scouts are 
fundamental to change

As DPI extension officers became scarce two main 
types of pest scouts replaced them: one paid by 
selling chemicals and one who gets paid by helping 
you spraying less.



What sort of data do you need to make IPM decisions 



Step 4. Work with pest thresholds

“A pest threshold is the level of pest pressure above 
which economic loss exceeds the cost of treatment”

However: 
• In a system that is not dominated by chemical interventions, a few pests in your crop 

can be a good thing

Chemical labels (Imidacloprid): “spray at the first sign of” pest

Working out a thresholds to start with
Consider:
• Recent history
• Natural enemies present
• Get some preliminary data to compare with existing 

practices



Explainer: Recommended rate and LD50 

• ‘Response curve’ developed in the 
laboratory by chemical manufacturers

• LD50 = lethal dose for 50% of population)
• Recommended rate is a tradeoff between 

efficacy and practicality

“Some naturally occurring insect biotypes resistant to 
[product name]  and other group x insecticides may exist 
through normal genetic variability in any insect population. 
The resistant individuals can eventually dominate the insect 
population if [product name] and other Group x insecticide 
are used repeatedly”

Most recommended rates on insecticide labels will kill 95-98% of a pest population



Step 5. Coverage is King!  (The ‘C’ word)
A 95-98% pest mortality relies on 100% coverage i.e. every pest 
individual gets a lethal dose.

Coverage 
%

Efficacy 
%

100 95-98

90 85.5 – 88.2

80 76 - 78.4

70 66.5 – 68.6

60 57 – 58.8

Improving your coverage
• Pruning
• Planting
• Calibration

• Use spray cards
• Get professional help



Step 6. Identify your top 3-4 pests.

IPM consultants: “correct ID is essential for ……IPM…”
Instead, most farmers can recognise their 3 or 4 top pests and plan a 
strategy for them
Eg capsicums and tomatoes in the Granite Belt QLD
 

Caterpillars Thrips Mites

Fruit fly

Image: Wikipedia

Image: Bugs for Bugs

Spider mites

Broad mites

Russet mites



Step 7. Farm Biosecurity.

Prevent pests (and diseases) getting there in the first place, can be 
important for flightless pests like mites and garden weevil

• As a general rule work your youngest and or cleanest blocks first
• Note that air-blast sprayers are pest spreaders



Step 8. Acknowledge that in most cases, insecticides 
have no impact on prevalence of insect-vectored disease.

• Regular hard insecticides didn’t stop tomato 
big bud phytoplasma in toms in Granite Belt – 
whole block infected.

Hard sell – seems intuitive to spray them and this will help protect the crop
“Once you have symptoms, you are throwing money away on vector control”



How can we help invertebrate biodiversity in the 
garden at home?



Eight steps for the home gardener to create an insect-
friendly space

1. Plant flowers
• Native plants are best, wherever you are in the world
• Most likely to have the best nutrition and phenology

Beware potted plants may be treated with 
imidacloprid or other group 4A insecticides

2. Reduce light pollution
• DarkSky International:

• Use only as necessary
• Directional
• Low level
• Controlled
• Warm colour



3. Avoid insecticides – tread carefully: 
See ‘pIPM’ your patch ‘Home Garden’ 
https://granitebeltipm.com.au/howToIP
M-HomeGarden.html

4. Convert lawns into more natural habitat

Where have all the Christmas beetles 
gone?

https://invertebratesaustralia.org/christmas-beetles

https://granitebeltipm.com.au/howToIPM-HomeGarden.html
https://granitebeltipm.com.au/howToIPM-HomeGarden.html
https://granitebeltipm.com.au/howToIPM-HomeGarden.html
https://granitebeltipm.com.au/howToIPM-HomeGarden.html


7. Take pride in your ‘unkempt’ garden

5. Leave the leaves 6. Be wary of flea treatments on dogs

8. Cut your carbon footprint



Two more things….. 

https://www.apvma.gov.au/chemicals-and-products/chemical-
review/listing/neonicotinoids

Buy imperfect fruit!

APVMA is reviewing the registration of 
Neonicotinoids in Australia. First decisions 
released late 2025

https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids
https://www.apvma.gov.au/chemicals-and-products/chemical-review/listing/neonicotinoids


Case study: Integrated Pest Management of Red Legged Earth 
Mite (RLEM)

https://ipmguidelinesforgrains.com.au/imp
ortant/uploads/GRDC_FS_RLEM_RMS_201
8update_LR.pdf

https://cesaraustralia.com/pestnotes
/mites/redlegged-earth-mite/

https://agriculture.vic.gov.au/biosecurity/p
est-insects-and-mites/priority-pest-
insects-and-mites/redlegged-earth-mite



TIMERITE®





Time’s fun 
when you’re 
having flies!
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